We show that composite fermi/bose superfluids can be created in coldatom traps by employing a Feshbach resonance or coherent photoassociation. The bosonic molecular condensate created in this way implies a new fermion pairing mechanism associated with the exchange of fermion pairs between the molecular condensate and an atomic fermion superfluid. We predict macroscopically coherent, Josephson-like oscillations of the atomic and molecular populations in response to a sudden change of the molecular energy, and suggest that these oscillations will provide an experimental signature of the pairing. PACS numbers(s):03.75. Fi, 05.30.Jp, 32.80Pj, 67.90.+z Typeset using REVT E X
The cold-atom technology that has led to the observation of dilute-gas BoseEinstein condensates (BEC's) [1] enables the creation and study of novel superfluids having a degree of flexibility that is highly unusual in traditional low temperature physics. In addition to the observed boson gas superfluids, the prospect of studying fermion superfluidity in the gas phase provides a powerful motivation [2] for the atom cooling efforts with fermion isotopes [3] . S-wave Cooper pairing -the most likely mechanism for achieving fermion superfluidity in the low-density gases -relies on the mutual attraction of two distinguishable types of fermions [4] . In this Letter, we show that some of the techniques that are being developed [5] to increase the mutual attraction and, hence, the critical temperature for Cooper-pairing, create a fundamentally novel superfluid state. Specifically, the interaction-altering schemes that involve a coherent atom-molecule coupling such as the Feshbach resonance [6] and coherent photoassociation [7] create a condensate of bosonic molecules mutually coherent with the atomic Cooper-paired gas. In treating the dynamics of this system we note an interesting experimental signature: the system responds to a sudden change of the single-molecule energy by means of macroscopically coherent, Josephson-like oscillations of the atomic and molecular populations.
Here we discuss the effects on a mixture of ±1 fermion atoms of a Feshbach resonance that coherently converts ± atom pairs to molecules m. Restricting ourselves to the relevant s-wave processes, the coupling is described by the term
in the Hamiltonian. Earlier [6] , we had pointed out that such interaction can produce mutually coherent atom-molecule boson superfluids. In the fermion gas mixture, we now show that this interaction coherently couples an atomic paired fermion superfluid to a BEC of m-molecules. We characterize boson superfluidity in the broken symmetry description by the appearance of a complex-valued order parameter, the condensate field φ: φ(r) = ψ (r) , whereψ is the bosonic annihilation field operator and r the position. Similarly, we characterize s-wave pairing of fermionic atoms in internal states ±1 by a pairing-field order parameter ψ σ (r)ψ −σ (r) = F σ (r) = 0, where σ = ±1. It is not difficult to see that the interaction ( show, the interaction (1) plays a more fundamental role than in the BEC analogue:
the atom-molecule interaction causes the superfluidity and provides a new pairing mechanism.
From a theoretical point of view, however, this mechanism is not entirely new as the Hamiltonian (1) We start with the Heisenberg equations for the field operators,ψ m andψ ±1 . As we will justify a posteriori, the scattering length interactions can be neglected and we obtain
where V ±1 and V m denote the external potentials and ǫ m and ǫ ±1 the internal energies. A simple transformation of the field operators,ψ
illustrates that the dynamics
does not depend on the fermion energy difference, ǫ + − ǫ − , but only on the molecular
. Indeed, the transformed operators satisfy
where we drop the primes and defineĥ σ = −h 2 ∇ 2 2m
, the annihilation of a fermion is accompanied by the creation of a fermion of opposite "spin" [11] . Accordingly, the quasiparticle state of quantum number j and spin σ, |j, σ , is a mixture of a σ particle and a −σ hole. We characterize the fermion pairing field by the particle and hole amplitudes for bringing the many-body state |0 to the excited |j, σ -state: 
where
represents the pairing field. The anticommutator relations satisfied by theψ σ -fields imply that
In a homogeneous system, V + = V − = 0, contained in a macroscopic volume Ω, the excited many-body states have definite momentum, |j, σ → |k, σ and the
, and theĥ σ -operators of (4) give real
For N + = N − = N, the ideal situation to achieve superfluidity, µ + = µ − = µ, the σ = ±1 equations are identical,
where 
similar to the effective scattering length of of the binary atom Feshbach resonance [6] . Not surprisingly, the off-resonant critical temperature T c obtained in the finitetemperature mean-field treatment takes on the form of a negative scattering length T c : T c ≈ T c,ef f = 0.6 exp(−π/2k F |a ef f |). Near-resonance, T c follows from coupled integral equations [8] , although our numerical results for a realistic system (a Rb 86 -mixture at n ≈ 2. × 10 13 cm −3 , α √ n = ǫ F ) differed from T c,ef f by less than a factor of 2 (giving near-resonant T c 's ∼ 10
The static u and v-amplitudes in (5) evolve according to the excitation energies
The resulting u/v-equations have a non-trivial solution if
giving a superconductor-like dispersion with gap |αφ m |. Since the gap measures the success of the fermion pairing in lowering the overall energy, Eq. (7) illustrates that it is the mutual coherence of the Bose and Fermi fields that pairs the fermions, i.e. the boson and fermion fields maintain macroscopic coherence by 'feeding off' each other.
The static u and v 'coherence' factors that follow from (5), u [16] for which |∆| = 0.1G, 1.G and 4G. Taking n = 10 12 cm −3 , [4] and a s = 3.3 nm (the Na triplet scattering length), we find δB = 0.03 |∆| = 3mG, 30mG, 0.12G exceeding current experimental magnetic field resolution (typically better than 1mG). Also, within |δB| ≤ δB, |a ef f | = |∆/δB|a s > 30. a s , which justifies our approximation of neglecting the a s -interactions in (2) . As the system is tuned closer to resonance, φ m and µ need to be solved self-consistently from (5) In conclusion, we have pointed out that the coherent atom-molecule interactions available in present-day atom cooling experiments suggest the exciting prospect of creating a cold atom superfluid of novel structure, consisting of mutually coherent field components of different spin statistics. Although this novel type of fermion pairing mechanism was previously proposed as a phenomenological model for high T c superconductivity, the atom trap systems could provide the first realization. In addition to the advantage of being described by a well-defined, first principles Hamiltonian, we show that the added flexibility of controlling the detuning can be used to diagnose this new long-range coherence.
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